In this study, the artificial neural network (ANN) 
Introduction
In experimental studies, linear variable differential transformers (LVDTs), dial gauges, load cells, strain gauges and accelerometers are widely used in civil engineering to measure parameters such as displacement, strain, load, acceleration and angles. These instruments are mostly used in experimental studies to examine structural behaviour or measure material properties using methods based on basic magnetic and electrical principles.
All measuring instruments are exposed to different degrees of measurement errors. These instruments have also been used in experimental research as tools to provide accurate and stable measurements in the laboratory, but they may not always work correctly. Examples of problems include:
• low signal or loss of signal of measurement instrument, • measuring instruments not working or not working correctly because of power cuts, • electromagnetic noise influencing surrounding electronic devices, • calibration of measurement instruments not done or not done correctly, • measurement instruments damaged during experimental study. These instruments are often used in experimental studies and they always face risk. Risk factors and risk management options will differ among experimental studies. Missing and incorrect measurements are caused by a variety of factors. If measurements are not available or are incorrect, they can be predicted by considering other measurements.
In the recent years, artificial neural networks have been used to solve many civil engineering problems. For example, this method will be used and/or used at material optimization [1, 2] , structural mechanics and dynamics [3] , risk management [4] , cost analysis [5] , soil-structure interactions [6] , road traffic flow [7] , hydraulic measured [8] , rainfall analysis [9] , wind turbine [10] and many problems.
The displacement and load database used in this study was compiled from tests carried out on different strengthening applications. Various displacement data and loads of experimental The dimension details of frame of specimens are observed in Fig. 2 . The first specimen (RS) was the bare frame and other specimens were contained brick walls with window and door openings (Fig. 3) . The dimensions of the window were 200 × 250mm and the dimensions of the door were 150 × 300mm. The window openings were located on the mid-span and two façades of specimens and the door openings were located on the side-span and one façade. The length of the frame was 1000 mm. The columns cross section was 50 × 80mm and as longitudinal reinforcement, four 3 mm diameter plain bars were used. The beams cross section was 50 × 90mm and six 3mm diameter plain bars were used. The stirrups were used a diameter 2mm with 50mm spacing at columns and beams as plain bars. [11] The frames of the specimens were cast with a low compressive strength concrete [12] . The average cylinder compressive strength of the concrete used in the test specimens was 6 MPa on the 28th day of testing. Brick walls were included to represent the external frame of the real structure. The brick walls were built on the same axis with the external surface of the beams and columns. The bricks were made by cutting gas concrete and dimensions of brick were 30 × 50 × 25mm [11] . Ordinary mortar was used for construction, and the quality of the wall was kept constant for all specimens [11] . In the experimental program, Specimen 1 (Reference Frame-RF) was the reference frame, which was tested to observe reference behaviour. It contained no strengthening and no brick wall. Specimen 2 (Brick Wall-BW) contained a brick wall and no strengthening. Specimen 3 (Steel Shear Wall-SSW) was strengthened with an internal steel shear wall with 0.3 mm thickness. Finally, in Specimen 4 (Infilled RC Shear Wall-ISW), an infilled RC shear wall with 20 mm thickness was constructed. Specimen 4 was strengthened with an infill brick and RC shear wall [11] . These specimens are shown at Fig. 4 .
Fig. 4 3D view of specimens
The strengthening of the frames were produced and tested in the same conditions under reverse cyclic lateral loading as well as constant vertical loading until failure. Production and strengthening stages of the samples are shown in Fig. 5 . 
Experimental Program and Testing
In order to represent earthquake action, reversed cyclic loading scheme was applied to the top of the specimens and vertical load was applied to all of the specimens and these specimens were tested in the vertical positions. Forward half cycles were defined as positive cycles while backward half cycles were defined as negative and loading controlled cycles were imposed on the specimens up to the predicted yield point to capture the elastic properties of the specimens.
Lateral load was measured to the top storey level by load cell [11] . Displacement data of the test frames were measured by LVDTs at each storey level. LVDTs location and load point are shown 
Test Results
The obtained hysteresis curves of the all specimens are given in Fig.7 .
Specimen 1 reached 1.11 kN and 2.3 kN lateral force in the forward and backward cycles, respectively. Shear cracks and bending cracks were observed on the frame of Specimen 1 at the end of the test [11, 14] . The crack patterns of Specimen 1 at the end of the test can be seen in Fig. 8 .
Specimen 2 reached 5.76 kN and 6.11 kN lateral force in the forward and backward cycles, respectively. Diagonal shear cracks were observed on the brick walls of Specimen 2 at the end of the test [11, 14] . The crack patterns of Specimen 2 at the end of the test can be seen in Fig. 9 .
Specimen 3 reached 28.35 kN and 18.32 kN lateral force in the forward and backward cycles, respectively. Flexural cracks were observed on the columns of Specimen 3. The steel panels in Specimen 3 were buckled at the end of the test. Diagonal shear cracks were observed on the brick walls of Specimen 3 at the end of the test [11, 14] . The crack patterns of Specimen 2 (BW) at the end of the test can be seen in Fig. 10 .
Specimen 4 reached 26.30 kN and 43.90 kN lateral force in the forward and backward cycles, respectively. The failure mode of Specimen 4 (strengthened with an RC shear wall) at the end of the test is shown in Fig. 11 . A few diagonal shear cracks were observed on the shear wall of Specimen 4. The brick walls of Specimen 4 incurred less damage than Specimen 2 and Specimen 3 [11] .
Graphics are not on the same scale 
Neural Network Model Structure and Parameters
Multilayer perceptrons (MLPs) model is preferred in artificial neural network studies. In practice, however, GFFNs often solve the problem much more efficiently [15] . In this study, GFFN algorithm was adopted. GFFN networks are composed of layers of neurons, in which the output of each layer of neurons is connected to the input of the next layer [11] .
The ANN model used in this study has four neurons in the input layer and one neuron in the output layer, as shown in One hidden layer was used in the architecture of the GFFN because of its minimum absolute percentage error values for training and testing sets [2] . In the hidden layer, four neurons were determined. The neurons of neighbouring layers were fully interconnected by weights. The momentum rate and learning rate values were determined and the model was trained through iterations. The trained model was tested with only the input values, and the predicted results were close to the experimental results [1] .
The values of parameters used in this study are as follows: Input layer units = 4 Hidden layer = 1 Hidden layer neurons = 4 Output layer neuron = 1 Momentum rate = 0.1 Learning rate = 0,7 Error after learning = 0,001 Fig. 12 The system diagram used in the ANN models
To verify hysteretic loops using the ANN proposed in this study, experimental data from the different strengthened frames were adopted to predict the hysteresis loops and compared to predict testing results.
Three types used the ANN. The abbreviations of these types are ANN1, ANN2 and ANN3. One hysteresis loop was used for the test set-up and the remaining hysteresis loops were used for the training set-up at ANN1. Two consecutive hysteresis loops were used for the test set-up and the remaining hysteresis loops were used for the training set-up at ANN2. Three consecutive hysteresis loops were used for the test set-up and the remaining hysteresis loops were used for the training set-up at ANN3.
An activation function is a function that processes the net input obtained from the sum function and determines the cell output [16, 17] . In all loops of the ANN1, ANN2 and ANN3 models, the tanh axon function was used as the activation function. The output of the neuron (out) j was individually calculated employing Eq. 1 with activation functions as follows:
This activation function calculates the net input to a cell [18, 19] . The weighted sums of the input components (net) j were calculated [17] using Eq. 2 as follows:
Results and Discussion
Errors arising during training and testing in ANN can be expressed as a root mean squared error (RMSE) and mean absolute error (MAE) calculated [17] using Eq. 3 and Eq. 4. The MAE is the average over the verification sample of the absolute values of the differences between predicted values and the corresponding observation. The MAE is a linear score, which means that all the individual differences are weighted equally in the average [10] . Since the errors are squared before they are averaged, the RMSE gives a relatively high weight to large errors. This means the RMSE is most useful when large errors are particularly undesirable [20] . The RMSE value of 0 indicates a perfect fit, and near 0 indicates a very good fit. Both the MAE and RMSE can range from 0 to ∞. They are negatively 
oriented scores. Lower values are better [21] . The mean squared error (MSE) is the most important criterion used to evaluate the performance of a predictor or an estimator. The MSE is always non-negative, and values closer to 0 are better. The normalised mean square error (NMSE) is an estimator of the overall deviations between predicted and measured values. If a model has a very low NMSE, then it may good performing. On the other hand, high NMSE values do not necessarily mean that a model is completely wrong. Moreover, it must be pointed out that differences on peaks have a higher weight on NMSE than differences on other values. Let r min be the smallest possible rating and r max be the largest possible rating. The absolute fraction of variance value (R 2 ) measures the percentage of variation in the values of the dependent variable that can be explained by the variation in the independent variable. R 2 value varies from 0 to 1. The mean squared error (MSE), the normalised mean square error, and R 2 value calculated using Eq.5, Eq.6, and Eq.7.
where t is the target value, o is the output value and n is the number of exemplars in the data set [22] .
Linear regression equation provides an estimate of the population regression line.
First term (y):
Estimated (or predicted) value Second term (m):
Estimate of regression slope Third term (a):
Estimate of regression intercept An (m) term value of 1 and (a) term value of 0 indicate a perfect fit, and near 1 and 0 indicate a very good fit. Linear regression equations were found to be solved with ANN. These equations are given Tables.
Specimen 1 (RS)
Since the specimen was collapsed, a total of eight hysteresis loops were applied to Specimen 1. In the experiment on this specimen, 11971 displacement data were measured. According to this data, three ANN models were applied and these models were evaluated in order. ANN1: According to Table 1 , the testing sets were sufficient in statistical performance, except for the 8th hysteresis loop. At the test set-up of the 8th hysteresis loop, 1511 displacement data were measured. The m term value of the linear regression equation of the 8th hysteresis loop of the test set was calculated to be 0.685. Because this value was different from 1, the test set of ANN1 of the 8th hysteresis loop was not a good result. Furthermore, the (t i -o i )
2 term of the MSE equation is the most important for ANN. As understood from Table 1 , because the MSE value of the 8th hysteresis loop was calculated to be too big, ANN1 of the 8th hysteresis loop was not proper. The differences between the test results of ANN1 and the experimental data did not have the expected values.
The highlighted cells in Table 1 show the MSE value that was not as expected. Hysteresis of these results is shown in Fig. 13 . ANN2: According to Table 2 , the testing sets were sufficient in statistical performance, except for the 7th-8th hysteresis loops. At the test set-up of the 7th-8th hysteresis loops, 2185 displacement data were measured. When the statistical values reached by testing in ANN models were appraised [10] , all the values were very close to the experimental results, except for the 7th-8th hysteresis loops. The (t i -o i ) 2 term of the MSE equation is the most important for ANN. As shown in Table 2 , because the
MSE value of the 7th-8th hysteresis loops was calculated to be too big, at 274.567, ANN2 of the 7th-8th hysteresis loops was not proper. The differences between the test results of ANN2 and the experimental data did not have the expected values. Moreover, the m term value of the linear regression equation of the 7th-8th hysteresis loops of the test set was calculated to be 0.546. Because this value was different from 1, the test set of ANN1 of the 7th-8th hysteresis loops was not a good result. The highlighted cells in Table 2 show MSE, NMSE, RMSE, MAE and R 2 values that were not as expected. Hysteresis of these results is shown in Fig. 14 . 
ANN3:
The statistical performances are shown in Table 3 . The predictions of the testing sets satisfied the required output results (except for the testing set of the 6th-7th-8th hysteresis loops). The predictions of the test sets were not proper to predict the desired data of the 6th-7th-8th hysteresis loops. At the test set-up of the 6th-7th-8th hysteresis loops, 3296 displacement data were measured. In addition, the m term value of the linear regression equation of the 6th-7th-8th hysteresis loops of the test set was calculated to be 0.462. Because this value was different from 1, the test set of ANN3 of the 6th-7th-8th hysteresis loops was not a good result. Furthermore, the (t i -o i ) 2 term of the MSE equation is most important for ANN. As understood from Table 3 , because the MSE value of the 6th-7th-8th hysteresis loops was calculated to be too big, at 287.243, ANN3 of the 8th hysteresis loop was not proper. The differences between the test results of ANN3 and the experimental data did not have the expected values.
The highlighted cells in Table 3 show the MSE, NMSE, RMSE, MAE and R 2 values that were not as expected. Hysteresis of these results is shown in Fig. 15 . After Specimen 1 reached maximum lateral load, three hysteresis cycles occurred as positive cycles and two cycles occurred as negative cycles. The testing sets of Specimen 1 were nonoptimal in the last cycles of ANN1 and ANN2, and in the last three cycles of ANN3 in statistical performance. The maximum differences between the testing set data of ANN1, ANN2 and ANN3 and the experimental data were 18.214, 27.80 and 33.514 mm, respectively. These differential displacement data occurred in the last cycles of ANN1, ANN2 and ANN3.
Specimen 2 (BW)
Since the specimen was collapsed, a total of 18 hysteresis loops were applied to Specimen 2. When testing this specimen, 34772 displacement data were measured. According to this data, three ANN models were applied and these models were evaluated in order. ANN1: According to Table 4 , the testing sets were sufficient in statistical performance, except for the 15th, 16th, 17th and 18th hysteresis loops. At the test set-up of these hysteresis loops,
At the test set-up of the 15th and 16th hysteresis loops, 2203 and 2501 displacement data were measured. The (t i -o i ) 2 term of the MSE equation is most important for ANN. As understood from Table 4 , because the MSE value of the 15th and 16th hysteresis loops were calculated to be 4.35 and 3.35, ANN1 of the 15th and 16th hysteresis loops were not proper. The differences between the test results of ANN1 and the experimental data did not have the expected values.
At the test set-up of the 17th and 18th hysteresis loops, 1209 and 1367 displacement data were measured. Because the MSE value of the 17th and 18th hysteresis loops was calculated to be about 18, ANN1 of the 17th hysteresis loops was not proper. The highlighted cells in Table 4 show the MSE values that were not as expected. As an example, the experimental data of the 17th hysteresis loop and the ANN1 data of the 17th hysteresis loop are shown in Fig. 16 . Table 5 , the testing sets were sufficient in statistical performance, except for the 14th-15th, 15th-16th, 16th-17th and 17th-18th hysteresis loops. At the test set-up of these hysteresis loops, although the R 2 values of these loops were calculated to be about 1, other statistical performance values were far from the expected values.
At the test set-up of the 14th-15th hysteresis loop, 4209 displacement data were measured. As understood from Table 5 , because the MSE value of the 14th-15th hysteresis loop was calculated to be 4.52, ANN2 of the 14th-15th hysteresis loop was not proper. The differences between the test results of ANN2 and the experimental data did not have the expected values.
At the test set-up of the 15th-16th and 16th-17th hysteresis loops, 4704 and 3710 displacement data were measured. Because the MSE value of the 15th-16th and 16th-17th hysteresis loops were calculated as about 6.5, ANN2 of the 15th-16th and 16th-17th hysteresis loops were not proper. The differences between the test results of ANN2 and the experimental data did not have the expected values. The MSE values were 1.4 times greater than the test results of the 14th-15th hysteresis loops.
At the test set-up of the 17th-18th hysteresis loop, 2744 displacement data were measured. In addition, the m term value of the linear regression equation of the 17th-18th hysteresis loop of the test set was calculated to be 0.767. Because this value was different from 1, the test set of ANN3 of the 17th-18th hysteresis loop was not a good result. Because the MSE value of the 17th-18th hysteresis loop was calculated to be about 160, ANN2 of the 17th-18th hysteresis loops was nonoptimal. The differences between the test results of ANN2 and the experimental data did not have the expected values. The MSE value was about 35 times greater than the test results of the 14th-15th hysteresis loop.
The highlighted cells in Table 5 show the MSE values that were not as expected. As an example, the experimental data of the 17th-18th hysteresis loops and ANN2 data of the 17th-18th hysteresis loops are shown in Fig. 17 . ANN3: According to Table 6 , the testing sets were sufficient in statistical performance, except for the 13th-14th-15th, 14th-15th-16th, 15th-16th-17th and 16th-17th-18th hysteresis loops. At the test set-up of these hysteresis loops, although the R2 values of these loops were calculated to be about 1, other statistical performance values were far from the expected values.
At the test set-up of the 13th-14th-15th hysteresis loops, 8918 displacement data were measured. As understood from Table 6 , because the MSE value of the 13th-14th-15th hysteresis loops was calculated to be 2, ANN3 of the 13th-14th-15th hysteresis loops was not optimal. The differences between the test results of ANN3 and the experimental data did not have the expected values.
At the test set-up of the 14th-15th-16th hysteresis loops, 6795 displacement data were measured. Because the MSE value of the 14th-15th-16th hysteresis loop was calculated to be about 9.2, ANN3 of the 14th-15th-16th hysteresis loops was not optimal. The differences between the test results of ANN3 and the experimental data did not have the expected values. The MSE values were 4.6 times greater than the test results of the 13th-14th-15th hysteresis loop.
At the test set-up of the 15th-16th-17th hysteresis loops, 5913 displacement data were measured. Because the MSE value of the 15th-16th-17th hysteresis loops was calculated to be about 6.8, ANN3 of the 15th-16th-17th hysteresis loops was not optimal. The differences between the test results of ANN3 and the experimental data did not have the expected values. The MSE values were 3.4 times greater than the test results of the 13th-14th-15th hysteresis loops.
At the test set-up of the 16th-17th-18th hysteresis loops, 5245 displacement data were measured. In addition, the m term value of the linear regression equation of the 16th-17th-18th hysteresis loops of the test set was calculated to be 0.573. Because this value was different from 1, the test set of ANN3 of the 16th-17th-18th hysteresis loops was not a good result. Because the MSE value of the 16th-17th-18th hysteresis loop was calculated to be about 360, ANN3 of the 16th-17th-18th hysteresis loops was non-optimal. The differences between the test results of ANN3 and the experimental data did not have the expected values. MSE value is about 180 times greater than the test results of the 13th-14th-15th hysteresis loop.
The highlighted cells in Table 6 show the MSE values that were not as expected. As an example, the experimental data of the 16th-17th-18th hysteresis loops and ANN3 data of the 16th-17th-18th hysteresis loops are shown in Fig. 18 . After Specimen 2 reached the maximum lateral load, eight hysteresis cycles occurred as positive cycles and seven cycles occurred as negative cycles. The testing sets of Specimen 2 were non-optimal in the last four cycles of all ANNs in statistical performance. The maximum differences between the testing set data of ANN1, ANN2 and ANN3 and the experimental data were 9.705, 22.05 and 32.687 mm, respectively. These differential displacement data occurred in the last cycles of ANN1, ANN2 and ANN3.
Specimen 3 (SSW)
Since the specimen was collapsed, a total of 15 hysteresis loops were applied to Specimen 3. In testing this specimen, 24780 displacement data were measured. According to this data, three ANN models were applied and these models were evaluated in order.
MAE ANN1: According to Table 7 , the testing sets were sufficient in statistical performance, except for the 14th and 15th hysteresis loops. At the test set-up of these hysteresis loops, although R 2 values were calculated to be about 1, other statistical performance values were far from the expected values. At the test set-up of the 14th and 15th hysteresis loops, 4004 and 1631 displacement data were measured.
The (t i -o i ) 2 term of the MSE equation is most important for ANN. As understood from Table 7 , because the MSE value of the 14th and 15th hysteresis loops were calculated to be 7.2 and 175, ANN1 of the 14th and 15th hysteresis loops were not proper. The differences between the test results of ANN1 and the experimental data did not have the expected values. Because the MSE value of the 15th hysteresis loop was calculated to be about 175, ANN1 of the 15th hysteresis loop was non-optimal and the differences between the experimental studies and the test results of the 15th hysteresis loop obtained from models of the sample were too great. The MSE value was about 24 times greater than the test results of the 14th hysteresis loop.
In addition, the m term value of the linear regression equation of the 15th hysteresis loop of the test set was calculated to be 0.687. Because this value was different from 1, the test set of ANN1 of the 15th hysteresis loop was not a good result.
The highlighted cells in Table 7 show the MSE values that were not as expected. As an example, experimental data of the 15th hysteresis loop and ANN1 data of the 15th hysteresis loop are shown in Fig. 19 . ANN2: According to Table 8 , the testing sets were sufficient in statistical performance, except for the 13th-14th and 14th-15th hysteresis loops. At the test set-up of these hysteresis loops, although the R2 values of these loops were calculated to be about 1, other statistical performance values were far from the expected values. The MSE statistical performance value of the 13th-14th hysteresis loops was calculated to be 10 and the MSE value of the 14th-15th hysteresis loops was calculated to be 336. In particular, the MSE statistical performance value of the 14th-15th hysteresis loop was also about 34 times greater than the MSE value of the 13th-14th hysteresis loops.
At the test set-up, 5021 displacement data at the 13th-14th hysteresis loops and 5635 displacement data at the 14th-15th hysteresis loops were measured. As understood from Table 8 , ANN2 of the 14th-15th hysteresis loops was not proper. The differences between the test results of ANN2 and the experimental data did not have the expected values.
In addition, the m term value of the linear regression equation of the 14th-15th hysteresis loops of the test set was calculated to be 0.469. Because this value was different from 1, the test set of ANN2 of the 14th-15th hysteresis loop was not a good result.
The highlighted cells in Table 8 show the MSE values that were not as expected. As an example, experimental data of the 14th-15th hysteresis loops and ANN2 data of the 14th-15th hysteresis loops are shown in Fig. 20 . ANN3: According to Table 9 , the testing sets were sufficient in statistical performance, except for the 12th-13th-14th and 13th-14th-15th hysteresis loops.
At the test set-up of the 12th-13th-14th hysteresis loops, although the R2 values of this loop were calculated to be about 1, other statistical performance values were far from the expected values. 6481 displacement data were measured at the test set-up of the 12th-13th-14th hysteresis loops. As understood from Table  9 , because the MSE value of the 12th-13th-14th hysteresis loops was calculated to be about 17, ANN3 of this hysteresis loop was not optimal. The differences between the test results of ANN3 and the experimental data did not have the expected values.
At the test set-up of the 13th-14th-15th hysteresis loop, 6652 displacement data were measured. An R2 value of this loop was calculated to be 0.885. According to the R2 value of the other hysteresis loops, this value was not optimal. Because the MSE value of the 13th-14th-15th hysteresis loops was calculated to be about 458, ANN3 of the 13th-14th-15th hysteresis loops was non-optimal. The differences between the test results of ANN3 and the experimental data did not have the expected values. The MSE value was about 28 times greater than the test results of the 12th-13th-14th hysteresis loop. In addition, the m term value of the linear regression equation of the 13th-14th-15th hysteresis loops of the test set was calculated to be 0.469. Because this value was different from 1, the test set of ANN3 of the 13th-14th-15th hysteresis loop did not have a good result. The highlighted cells in Table 9 show the MSE values that were not as expected. As an example, the experimental data of the 13th-14th-15th hysteresis loops and ANN3 data of the 13th-14th-15th hysteresis loops are shown in Fig. 21 . 21 Experimental data and ANN3 data of 13th-14th-15th hysteresis loops After Specimen 3 reached the maximum lateral load, one hysteresis cycle occurred as a positive cycle and two cycles occurred as negative cycles. The testing sets of Specimen 3 were non-optimal in the last two cycles of all ANNs in statistical performance. The maximum differences between the testing set data of ANN1, ANN2 and ANN3 and the experimental data were 16.63, 32.96 and 38.63 mm, respectively. These differential displacement data occurred in the last cycles of ANN1, ANN2 and ANN3.
Specimen 4 (ISW)
Since the specimen was collapsed, a total of 10 hysteresis loops were applied to Specimen 4. In testing this specimen, 25699 displacement data were measured. According to this data, three ANN models were applied and these models were evaluated in order.
MAE ANN1: According to Table 10 , the testing sets were sufficient in statistical performance, except for the 10th hysteresis loop. At the test set-up of this hysteresis loop, although the R2 values were calculated to be about 1, the MSE, MAE and RMSE of the 10th hysteresis loop were far from the expected values.
At the test set-up of the 10th hysteresis loop, 3076 displacement data were measured. The (t i -o i ) 2 term of the MSE equation is most important for ANN. As understood from Table 10 , because the MSE value of the 10th hysteresis loop was calculated to be 12.52, ANN1 of the 10th hysteresis loop was not proper. The differences between the test results of ANN1 and the experimental data did not have the expected values.
The highlighted cells in Table 10 show the MSE values that were not as expected. As an example, experimental data of the 10th hysteresis loop and ANN1 data of the 10th hysteresis loop are shown in Fig. 22 . ANN2: According to Table 11 , the testing sets were sufficient in statistical performance, except for the 9th-10th hysteresis loops. At the test set-up of these hysteresis loops, although the R2 values of these loops were calculated to be about 1, the MSE, MAE and RMSE of the 9th-10th hysteresis loops were far from the expected values. At the test set-up of the 9th-10th hysteresis loops, 5616 displacement data were measured. As understood from Table 11 , because the MSE value of the 9th-10th hysteresis loop was calculated to be 7.35, ANN2 of the 9th-10th hysteresis loops was non-optimal. The differences between the test results of ANN2 and the experimental data did not have the expected values. The highlighted cells in Table 11 show the MSE values that were not as expected. As an example, experimental data of the 9th-10th hysteresis loops and ANN2 data of the 9th-10th hysteresis loops are shown in Fig. 23 . Table 12 , the testing sets were sufficient in statistical performance, except for the 8th-9th-10th hysteresis loops. At the test set-up of these hysteresis loops, although the R2 values of these loops were calculated to be about 1, the MSE, MAE and RMSE of the 8th-9th-10th hysteresis loops were far from the expected values. At the test setup of the 8th-9th-10th hysteresis loops, 7621 displacement data were measured. As understood from Table 12 , because the MSE value of the 8th-9th-10th hysteresis loop was calculated to be 4.5, ANN3 of the 8th-9th-10th hysteresis loop was nonoptimal. The differences between the test results of ANN3 and the experimental data did not have the expected values. The highlighted cells in Table 12 show the MSE values that were not as expected. As an example, experimental data of the 8th-9th-10th hysteresis loops and ANN3 data of the 8th-9th-10th hysteresis loops are shown in Fig. 24 . After Specimen 4 reached the maximum lateral load, seven hysteresis cycles occurred as positive cycles and four cycles occurred as negative cycles. The testing sets of Specimen 4 were non-optimal in the last cycle of all ANNs in statistical performance. The maximum differences between the testing set data of ANN1, ANN2 and ANN3 and the experimental data were 4.65, 4.76 and 4.56 mm, respectively. These differential displacement data occurred in the last cycles of ANN1, ANN2 and ANN3.
Conclusions
In order to predict the displacement data, we used the load and displacement data of the different storeys. This study included the manipulation of tested samples in the laboratory to test and validate the ANN. In the models constructed using ANN methods, general feed forward MLP was used. The models were tested with input and output data [23] . MSE, NMSE, RMSE, MAE, R 2 values and linear regression equations were calculated to compare experimental results with ANN model results.
The ANN training sets of specimens were very good in statistical performance as indicated by the MAE and NMSE values of the training set results of the specimens near 0 and the R 2 values and m term values near 1. However, when the statistical performance of the test set compared to the training set, it did not give good results in every cycle.
In the last loop or loops of the testing sets of all ANNs, Specimen 4 received the best results in statistical performance and differential displacements. Although Specimen 3 had very good results in statistical performance, it did not show good results in differential displacement. Specimen 1 and Specimen 2 received the worst results in both statistical performance and differential displacement. This shows that after the maximum load is reached, ANN test results may not be correct. However, before the maximum load is reached, the ANN tests results may be correct. As a result, unavailable or incorrect displacement data can be predicted using ANN models, without the need for experiments and in a short period of time with tiny error rates [3, 17] , until the cycle of maximum load is reached.
